Ferroelectric domain patterns have been successfully observed by the Environmental Scanning Electron Microscopy (ESEM) without surface etching [1] . These images are obtained on an insulating surface of LiNbO 3 with engineered periodic domains. The imaging principle of ESEM is based on the electric field distribution generated by the up and down polarizations. The method can nondestructively observe domain contrast images at submicron resolution and do not need special surface treatment.
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Conventional SEM is one of the most popular methods used today for imaging ferroelectric domains [2, 3] . The topographic pattern of domains is created based on different etching rates of the up and down polarized regions on the crystal surface, revealing antiparallel domains. Such etching is, however, destructive to the sample surface and cannot be used to observe the dynamic behavior of domains. In principle, the electron beam can be regulated by the electric field of the up and down polarizations, hence, it is possible to directly image domains using SEM without having to etch the sample. Based on this thought, we have performed a series of experiments and found that the domain pattern distribution can be revealed by heating the sample in the SEM chamber [4] . Unfortunately, as electron beam continues to hit on the sample, thermal-induced field distribution will be quickly neutralized by the beam deposited electrons on the insulating surface. Under normal conditions, the field image can only live for a few seconds and the lifetime becomes even shorter for higher accelerating voltage. Hence, without etching, the SEM imaging of domain patterns on an insulating surface is very difficult and the resolution is generally unsatisfactory. The ESEM method can resolve this difficulty.
Domain observations were performed using an ElectroScan Model E-3 (Wilmination, MA) in secondary electron emission mode. Figure 1 is a schematic diagram of the experimental arrangement and crystal orientation. To confirm the results, a periodically poled LiNbO 3 sample was etched in a solution containing 2 parts HNO 3 and 1 part HF for 15 h at room temperature. Under normal observation conditions in the wet mode, i.e., with chamber pressure 3-3.5 Torr, accelerating voltage 15 kV, condenser 40, scan rate 8-30 sec./frame, and aperture size 30 µm, we got a topographic image of the periodic domain pattern on the +c surface, which is [001] orientation, as shown in Fig.  2(a) . In the image, the surfaces of negative domains are lower than those of positive domains. The formation of the surface steps is due to the different etching rates of positive and negative domains in the acid. A wider stripe and some island domains shown in the figure are attributed to imperfect poling. One can see that the contrast only appears in domain boundaries, which are brighter than the interior of domains, reflecting the fact that more secondary electrons are emitted at the edges of the etching steps. No contrast was revealed between the positive and negative domains due to the screening of the polarization P s by the probing current. In other words, the positive and negative domains have nearly equal secondary electron emission rate. After the first observation, the etched sample was taken out of the chamber and the [001] surface was polished. When the polished sample was reexamined using ESEM under the same condition, nothing interesting was seen except some polishing scratches on the surface. However, after decreasing the chamber pressure, increasing the probe current by reducing the condenser current and increasing the aperture, and increasing the accelerating voltage, contrast stripes began to appear [shown in Fig. 2(b) ]. The locations and shapes of the contrast patterns in Fig. 2(b) exactly match the etched patterns in Fig. 2(a) . This confirms that the contrast stripes are originated from the antiparallel domains.
